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Periodic formation of somites is controlled by
the segmentation clock, where the oscillator
Hes7 regulates cyclic expression of the Notch
modulator Lunatic fringe. Here, we show that
Hes7 also regulates cyclic expression of the
Fgf signaling inhibitor Dusp4 and links Notch
and Fgf oscillations in phase. Strikingly, inacti-
vation of Notch signaling abolishes the propa-
gation but allows the initiation of Hes7 oscilla-
tion. By contrast, transient inactivation of Fgf
signaling abolishes the initiation, whereas sus-
tained inactivation abolishes both the initiation
and propagation of Hes7 oscillation. We thus
propose that Hes7 oscillation is initiated by
Fgf signaling and propagated/maintained ante-
riorly by Notch signaling.
INTRODUCTION
Somites are transient structures that define the segmental
pattern of the embryo and subsequently give rise to verte-
brae, ribs, dermis, and skeletal muscles. Somites are
formed by periodic segmentation of the anterior ends of
the presomitic mesoderm (PSM). This periodic event is
controlled by the segmentation clock, where expression
of oscillator genes, such as the basic helix-loop-helix re-
pressor Hes7 and the Notch modulator Lunatic fringe
(Lfng), is periodically initiated in the posterior PSM and
propagated anteriorly (Pourquie´, 2003; Aulehla and Herr-
mann, 2004; Gridley, 2006; Masamizu et al., 2006). This
wave-like propagation is caused by a phase shift of oscil-
latory expression between the posterior and the anterior
PSM cells. It has been shown that Notch induces both
Hes7 and Lfng expression, while Hes7 represses its own
and Lfng expression, resulting in Hes7 and Lfng oscilla-
tions in phase (Morales et al., 2002; Cole et al., 2002; Bes-
sho et al., 2001, 2003). In addition, Lfng inhibits Notch ac-
tivity, leading to oscillation of the Notch activity (Dale et al.,298 Developmental Cell 13, 298–304, August 2007 ª2007 Elsevi2003; Huppert et al., 2005; Morimoto et al., 2005). It is
thought that these coupled negative feedback loops are
required for the stable oscillatory expression (Pourquie´,
2003). However, the role of Notch signaling in Hes7 oscil-
lation still remains to be determined, because segmenta-
tion of the initial 7–9 somites seems to occur normally in
the absence of Notch1 and Notch2, the only Notch genes
expressed in the PSM (Huppert et al., 2005), although all
somites are severely disorganized in the absence of
Hes7 (Bessho et al., 2001; Hirata et al., 2004). Wnt signal-
ing is also known to regulate the segmentation clock (Au-
lehla et al., 2003), but the initial 7–9 somites are formed in
the absence ofWnt3a, the majorWnt member expressed
highly in cells that give rise to somites (Takada et al.,
1994). These results suggest that in addition to Notch
and Wnt signaling, another factor regulates Hes7 oscilla-
tion. A recent study has revealed that many other genes
display oscillatory expression in the PSM, suggesting
that some of them are involved in the segmentation clock
(Deque´ant et al., 2006).
Here, we found that Fgf signaling exhibits oscillation in
the activity and plays an essential role in Hes7 oscillation.
We further showed that Hes7 couples Notch and Fgf oscil-
lations, which in turn cooperatively regulate the initiation
and propagation of Hes7 oscillation in the PSM.
RESULTS AND DISCUSSION
Hes7 Oscillation in the Absence of Notch Signaling
To demonstrate the role of Notch signaling in Hes7 oscil-
lation, we first examined Lfng knockout (KO) mice (Zhang
and Gridley, 1998; Evrard et al., 1998). Although Hes7
expression is affected in thesemutant mice (Figure 1F, as-
terisk), as previously reported (Chen et al., 2005), it still dy-
namically oscillates (Figures 1D–1F), like in the wild-type
(Figures 1A–1C). Thus, Lfng is not essential for Hes7 oscil-
lation. To further investigate a requirement for Notch sig-
naling, we next examined mice mutant for the Notch
ligandDll1 (Hrabe de Angelis et al., 1997) and for the Notch
effector Rbp-jk (Oka et al., 1995). Because Rbp-jk KO
mice are lethal between E8.5 and E10.5, which may
adversely affect Hes7 expression, we made Rbp-jker Inc.
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tant for Notch Signaling
(A–F) Three phases (I, II, and III) ofHes7 oscilla-
tion in the wild-type (A–C) and Lfng null mice
(D–F) at E9.5. Hes7 expression is somewhat
affected in the anterior PSM ([F], asterisk). n =
15 (A), 25 (B), 33 (C), 5 (D), 21 (E), and 23 (F).
(G, H, J, and K) Hes7 oscillation in Dll1 null (n =
30) and Rbp-jk cKO mice (n = 10) at E9.5.
These mice display ‘‘high’’ (G and J) to ‘‘low’’
(H and K) expression patterns. Hes7 is not ex-
pressed in the anterior PSM (asterisks).
(I and L) The caudal parts of Dll1 null (n = 10)
andRbp-jk cKO embryos (n = 3) were bisected,
and the left halves were fixed immediately
while the right halves were cultured for 60 min
before fixation. The ‘‘low’’ phase became
‘‘high’’ after 60 min.conditional KO (cKO) mice by crossing floxed Rbp-jkmice
(Han et al., 2002) and Hes7-cre mice. The latter mice ex-
press cre specifically in the PSM and induce efficient re-
combination (see Figure S1 in the Supplemental Data
available with this article online). These Rbp-jk cKO mice
are alive at E10.5 but display severe defects of somite
segmentation (Figure S2A), as observed in conventional
Rbp-jk KO mice (Oka et al., 1995). Although Hes7 expres-
sion is severely downregulated in the anterior PSM of both
Dll1 KO (Figures 1G and 1H, asterisks) (Serth et al., 2003)
and Rbp-jk cKO mice (Figures 1J and 1K, asterisks), it is
detectable in the posterior PSM. Hes7 expression levels
in the posterior PSM are variable, ranging from high (Fig-
ures 1G and 1J) to very low or almost undetectable (Fig-
ures 1H and 1K) (Figures S3A and S3B). Similar high and
low expression patterns are also observed in conventional
Rbp-jk KO mice (Figure S4A), suggesting that Hes7 ex-
pression still oscillates in the posterior PSM in the absence
of Notch signaling. To confirm this suggestion, the caudal
parts of thesemutantmicewere bisected into right and left
halves, and one half was fixed immediately while the other
half was cultured for 1 hr before fixation. The ‘‘low’’ phase
was found to become ‘‘high’’ after 60 min culture (Figures
1I and 1L), showing that Hes7 expression indeed oscil-
lates in the posterior PSM of Dll1 KO and Rbp-jk cKO
mice. These results indicate that Notch signaling is not es-
sential for Hes7 oscillation in the posterior PSM. However,
because Hes7 expression is lowered in the posterior
(Figure S3C) and undetectable in the anterior PSM of
these mutants, Notch signaling is required for the amplifi-
cation and the anterior propagation of Hes7 oscillation.DevelopCoupled Oscillations of Hes7 and Fgf Signaling
Because Hes7 oscillation occurs without the coupled
Notch oscillator, we reasoned that there would be another
oscillator, whose expression is controlled by Hes7. We
thus searched Hes7 target genes by microarray analysis
with RNA prepared fromPSMofHes7 null andHes7 trans-
genic (Hes7-Tg) mice, which persistently express Hes7 in
the PSM. We identified 15 genes displaying >2.0-fold
higher expression in Hes7 null mice than in Hes7-Tg
mice, suggesting that these genes are targets for Hes7
(Table S1). Validation of this analysis is that the known
target gene Lfng is included in the list. Of particular interest
among these candidates is Dusp4/MKP2 (MAP kinase
phosphatase 2), a negative regulator of Fgf/MAPK signal-
ing (Chu et al., 1996), because Fgf signaling regulates so-
mitogenesis in the posterior PSM (Dubrulle et al., 2001;
Sawada et al., 2001; Corson et al., 2003; Dubrulle and
Pourquie´, 2004; Delfini et al., 2005). Both Dusp4 mRNA
and protein are expressed in the posterior PSM in a dy-
namic manner (Figures S5A–S5H). The expression is clas-
sified into three phases: themRNA is restricted to the pos-
terior end in phase I (Figure 2A, right), expanded into the
middle in phase II (Figure 2B, right), and downregulated
in phase III (Figure 2C, right). Furthermore, in the bisected
PSM, expression of theDusp4mRNA andHes7 intron sig-
nals oscillates in phase with each other, although Dusp4 is
never expressed in the anterior PSM in all three phases,
unlike Hes7 (Figures 2A–2C, left). Comparison of Dusp4
mRNA and protein expression in bisected PSM tissues
demonstrated that the protein expression is downregu-
lated (III0) in phase I (Figure 2D, left), occurs in the posteriormental Cell 13, 298–304, August 2007 ª2007 Elsevier Inc. 299
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Fgf and Notch Regulate Hes7 OscillationFigure 2. Oscillations of Fgf Signaling in
the Posterior PSM
(A–C) Comparison of Hes7 and Dusp4 expres-
sion in bisected tissues. Expression of Dusp4
and Hes7 oscillates in phase. n = 10 (A), 7 (B),
and 8 (C).
(D–F) Comparison of Dusp4 mRNA and protein
expression in bisected tissues. The mRNA os-
cillation is ahead of the protein oscillation by
one phase. n = 9 (D), 3 (E), and 6 (F).
(G–I) The caudal parts of embryos were bi-
sected, and the left halves were immediately
fixed while the right halves were cultured for
an indicated period of time before fixation.
Phase III became phase I after 60 min ([G],
n = 6), phase II after 90 min ([H], n = 7), and
phase III after 120 min ([I], n = 3).
(J) Comparison of Dusp4 protein and phos-
phorylated ERK1/2 (P-ERK) expression. The
posterior PSM was dissected from each litter-
mate and subjected to western blot analysis.
In the right panel, the levels of Dusp4 and P-
ERK were measured and normalized by those
of ERK1/2 (n = 8). Each lane corresponds to
a single embryo.
(K–N) Comparison of Dusp4 mRNA and Hes7
protein expression in Hes7 KO (K and L) and
Hes7-Tg (M and N). Dusp4 mRNA levels are
constitutively high in the absence of Hes7 pro-
tein and low in the presence of Hes7 protein.
n > 20 (K and M). In situ hybridization for
Uncx4.1 was performed to visualize somites
(A–F).end (I0) in phase II (Figure 2E, left), and is maintained (II0) in
phase III (Figure 2F, left), indicating that the mRNA oscilla-
tion is ahead of the protein oscillation by one phase. To
confirm the Dusp4 oscillation, culture experiments of bi-
sected PSM tissues were performed. Phase III in Dusp4
expression was changed to phase I after 60 min (Fig-
ure 2G) and phase II after 90 min (Figure 2H) and returned
to phase III after 120 min (Figure 2I), indicating that Dusp4
expression oscillates with a 2 hr period.
Because Dusp4 is a negative regulator of Fgf signal-
ing, these results suggest that the activity of Fgf signal-
ing oscillates in the posterior PSM. To confirm this
suggestion, we next examined the levels of phosphory-
lated ERK (P-ERK), an essential mediator of Fgf signal-
ing (Sawada et al., 2001; Corson et al., 2003; Delfini
et al., 2005). The level of P-ERK in the posterior PSM300 Developmental Cell 13, 298–304, August 2007 ª2007 Elsevis high when that of Dusp4 protein is low (Figure 2J,
lane 1), and vice versa (Figure 2J, lane 8). These results
show that Fgf signaling indeed oscillates in the posterior
PSM.
Because expression of Dusp4 and Hes7 oscillates in
phase (Figures 2A–2C), we next examined the link be-
tween the two oscillators. Dusp4 mRNA is constitutively
upregulated (like phase II) in the absence of Hes7 protein
(Figures 2K and 2L) and downregulated (like phase III)
when Hes7 protein is persistently expressed (Figures 2M
and 2N), indicating that periodic repression by Hes7 leads
to Dusp4 oscillation. In contrast, Dusp4 expression still
oscillates in the posterior PSM of Lfng-, Dll1-, or Rbp-jk
mutant mice (Figures S4C and S5I–S5L). Thus, Hes7 reg-
ulates Dusp4 oscillation as well as Lfng oscillation, linking
the oscillations of Notch and Fgf signaling in phase.ier Inc.
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Fgf and Notch Regulate Hes7 OscillationFigure 3. Effects of Notch and Fgf Inhib-
itors on Hes7 and Dusp4 Oscillations
(A–I) Caudal parts of E9.5 embryos were bi-
sected, and the left halves were treated with
DMSO (control) while the right halves were
treated with DAPT (A–C), SU5402 (D–F), or
U0126 (G–I) for 2 hr.Hes7 expression in the an-
terior PSM becomes undetectable by the
Notch inhibitor DAPT ([B and C], asterisks)
while Hes7 expression in the posterior PSM is
severely downregulated by the Fgf inhibitors
SU5402 ([D and E], asterisks) and U0126 ([G
and H], asterisks). In situ hybridization for
Uncx4.1 was performed to visualize somites.
Brackets indicate the PSM.
(J–S) Caudal parts of E10.5 embryos were
treated with Notch and Fgf inhibitors for 6 hr,
and Hes7 and Dusp4 expression was exam-
ined. Hes7 expression in both the anterior
and posterior PSM becomes undetectable by
SU5402 (L) and U0126 (M), while variable levels
of Hes7 expression in the posterior PSM are
still maintained in the presence of DAPT (K).
Hes7 expression is not affected by DMSO (J)
or U0124 (N). Dusp4 expression is severely
downregulated by SU5402 (Q) or U0126 (R),
but not by DMSO (O), DAPT (P), or U0124 (S).
n = 5 (A), 5 (B), 8 (C), 7 (D), 3 (E), 4 (F), 7 (G), 5
(H), 4 (I), 3 (K), and >10 (J and L–S).Differential Requirement of Notch and Fgf Signaling
for Hes7 Oscillation
To further show involvement of Notch and Fgf signaling in
Hes7 oscillation, a caudal part of an embryo was bisected,
and one half was treated with Notch or Fgf inhibitors for
2 hr while the other half was treated with DMSO (control).
In the presence of the g-secretase inhibitor DAPT, which
antagonizes Notch signaling, Hes7 expression is only
weakened but not abolished in phase I (Figure 3A). How-
ever, in phases II and III, Hes7 expression is undetectable
in the anterior PSM (Figures 3B and 3C, asterisks). These
results agree well with the above data of Dll1- and Rbp-jk
mutant mice. In contrast, Hes7 expression is severely
downregulated in the posterior PSM during phases I and
II by treatment with SU5402, an inhibitor of Fgf signaling
(Figures 3D and 3E, asterisks) or with U0126, an inhibitor
of ERK activation (Figures 3G and 3H, asterisks). In phase
III, Hes7 expression in the anterior PSM is not significantly
affected by SU5402 (Figure 3F) or U0126 (Figure 3I). TheseDevelopmresults show that Hes7 expression is regulated by Fgf-
ERK signaling in the posterior PSM. We also examined
Dusp4 expression in embryos treated with Notch or Fgf in-
hibitors. Dusp4 expression becomes undetectable by
treatment with SU5402 (Figure 3Q) or U0126 (Figure 3R),
but not with DAPT (Figure 3P) or U0124 (control, Fig-
ure 3S), indicating that Dusp4 expression is regulated by
Fgf signaling but not by Notch signaling. Taken together,
these results indicate that Fgf signaling induces both
Hes7 and Dusp4 expression in the posterior PSM, but
Hes7 periodically represses expression of itself and of
Dusp4, and Dusp4 may inhibit Fgf-ERK signaling, thereby
forming coupled negative feedback loops, like Notch-
Hes7-Lfng.
Essential Roles of Fgf Signaling in Hes7 Oscillation
In the above experiment, cells in the anterior PSM
already experienced Hes7 oscillation before 2 hr treat-
ment with Fgf inhibitors, when they were located in theental Cell 13, 298–304, August 2007 ª2007 Elsevier Inc. 301
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Fgf and Notch Regulate Hes7 OscillationFigure 4. Defects of Fgfr1 cKOMice and a Model for Cooper-
ative Regulation of Hes7 Oscillation by Fgf and Notch
(A–P) In situ hybridization was performed with wild-type and Fgfr1 cKO
mice, which were generated by crossing floxed Fgfr1 mice and Hes7-
cre mice. (A and E) In situ hybridization for Uncx4.1 was performed to
visualize somites. Segmentation defects occur caudally to the 9th or
10th somite in an Fgfr1 cKO mouse (n = 7). (B–D and F–P) Expression
ofHes7 intron (n = 10), Lfng (n = 10),Dusp4 (n = 6),Sprouty4 (n = 4),Dll1
(n = 6), Notch1 (n = 6), and Tbx6 (n = 6) in Fgfr1 cKO mice was com-
pared with that of the wild-type. Hes7 expression is severely down-
regulated (F), whereas Lfng is constitutively expressed in the PSM of
Fgfr1 cKO mice (G).
(Q)Hes7 oscillation is initiated by Fgf signaling and amplified and prop-
agated/maintained cooperatively by Notch signaling.302 Developmental Cell 13, 298–304, August 2007 ª2007 Elsevieposterior PSM. We next examined whether the initial Fgf-
dependent oscillation is required for the later oscillation
in the anterior PSM. After 6 hr treatment with SU5402
or U0126, Hes7 expression is severely downregulated
throughout the PSM (Figures 3L and 3M), suggesting
that Hes7 oscillation in the anterior PSM also depends
on Fgf signaling. It is unlikely that Fgf signaling directly
regulates Hes7 oscillation in the anterior PSM, because
it is antagonized by retinoic acid in the anterior and is
thus active only in the posterior PSM (Dubrulle and
Pourquie´, 2004; Delfini et al., 2005; Diez del Corral
et al., 2003). These results suggest that if cells do not
experience Fgf-dependent Hes7 oscillation in the
posterior PSM, they cannot induce Hes7 oscillation in
the anterior PSM, even though Notch signaling is
intact.
To further show the requirement of Fgf signaling for
Hes7 oscillation, we next examined mice mutant for Fgf
receptor1 (Fgfr1). Because somites are not formed in
Fgfr1 null mice due to misspecification of paraxial meso-
derm (Yamaguchi et al., 1994; Deng et al., 1994), it is not
possible to examine these mice for the segmentation
clock. We therefore generated mice lacking Fgfr1 specif-
ically in the PSM by crossing floxed Fgfr1 mutant mice
(Xu et al., 2006) and Hes7-cre mice. In these Fgfr1 cKO
mice, expression of the downstream gene Sprouty4 in
the PSM is undetectable (Figure 4M). Furthermore, the
PSM is smaller, and somites are fused and irregular in
size (Figure 4E), indicating that Fgf signaling is indeed
required for proper segmentation. In these mice, Hes7
expression is severely downregulated not only in the
posterior PSM but also in the anterior PSM (Figure 4F),
thus confirming the effect of 6 hr treatment with
SU5402 or U0126. Furthermore, Dusp4 expression is
also undetectable (Figure 4H), agreeing with the result
that Dusp4 expression is dependent on Fgf signaling.
In contrast, Dll1, Notch1, and Tbx6 are expressed in
Fgfr1 cKO mice (Figures 4N–4P). Strikingly, we did not
find any different pattern in Lfng expression, which is ex-
pressed throughout the PSM of all Fgfr1 cKO mice (n =
10, Figure 4G), indicating that Lfng expression does not
oscillate. The loss of Lfng oscillation is probably due to
lack of Hes7 expression, because this phenotype is rem-
iniscent of Hes7 null mice, which constitutively express
Lfng in the PSM (Bessho et al., 2001). These results
show that Fgf signaling is essential for both Hes7 and
Lfng oscillations. Although Lfng is known to inhibit Notch
signaling, constitutively expressing Lfng is not involved in
severe downregulation of Hes7 in Fgfr1 cKO mice, be-
cause Hes7 is not expressed in Lfng null mice treated
with the Fgf inhibitor (Figure S6).
Fgf-Dependent Initiation and Notch-Dependent
Propagation of Hes7 Oscillation
Our results indicate that Hes7 oscillation is controlled dif-
ferently in the posterior than in the anterior PSM. We thus
asked whether the Hes7 oscillation pattern is different in
these regions. Hes7 expression was examined in 56 em-
bryos at E9.5 and aligned in order of the anterior front tor Inc.
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described for Lfng (Dale et al., 2003) and her1 (Horikawa
et al., 2006). The data show that after some expression
in the posterior end, Hes7 expression occurs in phase in
the posterior two-thirds of the PSM and then is slowly
propagated anteriorly before disappearing in S0, a next
forming somite (Figure S7). Thus, the development of
Hes7 oscillation is different between the anterior and the
posterior PSM, supporting the idea that Hes7 oscillation
is differently controlled in these regions.
We show that by inactivation of Notch signaling, Hes7
expression is severely downregulated only in the anterior
PSM but is just slightly lowered in the posterior PSM. In
contrast, by transient inactivation of Fgf signaling, Hes7
expression is severely downregulated only in the anterior
PSM but is undetectable throughout the PSM by sus-
tained inactivation of Fgf signaling. These results indicate
that Hes7 oscillation is generated in the posterior PSM by
Fgf signaling and then amplified and propagated/main-
tained anteriorly by Notch signaling (Figure 4Q). In con-
trast, Lfng expression does not depend on Fgf signaling
but is controlled by Notch signaling, as it is undetectable
in Rbp-jk null mice (Figures S2B and S2E, lower panel,
and Figure S4B) but is maintained in Fgfr1 cKO mice
(Figure 4G). In the absence of Fgf signaling, however,
Lfng expression does not oscillate even though Dll1 and
Notch1 are expressed, because Hes7 expression is lost.
Thus, Fgf signaling is required not only for Hes7 oscillation
but also for Lfng oscillation. This observation contrasts
with the previous reports describing that inhibitors of Fgf
signaling do not abolish oscillations (Dubrulle et al.,
2001; Sawada et al., 2001; Delfini et al., 2005). However,
in zebrafish, it was shown that her13.2, whose expression
is induced by Fgf, is required for her1, her7, and deltaC
oscillations (Kawamura et al., 2005), suggesting that Fgf
signaling is indeed involved in oscillatory expression.
However, it remains to be determined whether or not
oscillation in Fgf signaling per se is required for Hes7
oscillation, and the effect of sustained activation of Fgf
signaling should be examined to answer this question.
Our results also suggest that the determination front,
which is defined by the anterior boundary of the Fgf gradi-
ent (Dubrulle et al., 2001), could regress posteriorly in
a stepwise manner because of oscillation in Fgf signaling.
However, this possibility remains to be analyzed further,
because P-ERK is still present even at the trough phase
(Figure 2J, lane 8).
Another important issue is the relationship between
Hes7 and Wnt signaling, where the downstream gene
Axin2 is cyclically expressed (Aulehla et al., 2003). Be-
cause Fgf8 expression depends on Wnt3a (Aulehla
et al., 2003), Hes7 expression should be affected in
the absence of Wnt signaling. Agreeing with this predic-
tion, Hes7 expression is altered in vestigial tail mice,
which have Wnt3a hypomorphic allele (data not shown).
Thus, these data together suggest a hierarchy of Notch,
Fgf, and Wnt signaling pathways that regulate different
parts of the clockwork in the somite segmentation
process.DevelopEXPERIMENTAL PROCEDURES
In Situ Hybridization and Immunochemistry
In situ hybridization and immunochemistry were performed as previ-
ously described (Bessho et al., 2001). We used the following anti-
bodies: anti-MKP2 (SantaCruz), anti-P-ERK (Cell Signaling), and anti-
ERK (Cell Signaling). Anti-Rbp-jk antibody (Tanigaki et al., 2002) was
kindly provided by Dr. Tasuku Honjo (Kyoto University).
Mutant Mice
Hes7-cre mice (Accession number CDB0551T) were established as
follows: Hes7 promoter (5.4 kb) followed by NLS-Cre and SV40 polya-
denylation signal was used as a transgene. Genotypes of mice were
determined by PCR. For PCR amplification, we used pH7Cre-WT(+):
50-TGAGTCCACCGAAGGGTCCGGAGGAGCCAT-30; pH7Cre-WT():
50-CCCAGGCGCTTACAGACAGCGTCCATAGCC-30; and pH7Cre-
TG(): 50-TCGTGGCAGCCCGGACCGACGATGAAGCAT-30. Hes7-
cre mice were crossed with floxed Rbp-jk mice (Han et al., 2002) and
floxed Fgfr1 mice (Xu et al., 2006) to knock out Rbp-jk and Fgfr1 con-
ditionally in the PSM. For Hes7-Tg mice, exonic regions of Hes7 with
the first intron only, IRES-Venus, and SV40 polyadenylation signal
driven by the 5.4 kb Hes7 promoter were used.
Rbp-j KO (BRC number 01101) and floxed mice (01071) were pro-
vided by RIKEN BRCwith the support of National BioResource Project
of Ministry of Education, Culture, Sports, Science and Technology,
Japan.
Microarray Analysis
Total RNA was purified from 100 PSM tissues of E10.5 embryos of
Hes7 null mice (KO), Hes7 transgenic mice (TG), and their littermates
(WT). Microarray analysis using Gene Chip Mouse Genome 430 2.0
Array (Affymetrix) was done, according to the manufacturer’s proto-
cols. Data were analyzed using GCOS (Affymetrix) and Gene Spring
(Agilent). In brief, per chip normalization was done using the value of
median, and then, per gene normalization was done using the value
of wild-type. To explore the candidates for new Hes7 targets, the
following two criteria were set. First, the average value should be
>2.0-fold higher in KO than in TG (two independent experiments). Sec-
ond, the signal intensities of wild-type (raw data) should be more than
100 in two independent experiments.
Explant Culture and Treatment of Inhibitors
Bisection and explant culture were performed, as previously described
(Bessho et al., 2001). We used 100 mM DAPT (Calbiochem), 50 mM
SU5402 (Calbiochem), 100 mM U0126 (Promega), or 100 mM U0124
(Calbiochem).
Crossing of ROSA26 Reporter and Hes7-cre Mice
The ROSA26 reporter mice (Soriano, 1999) were crossed with Hes7-
cre to evaluate the recombination efficiency.
Supplemental Data
Supplemental Data include one table and seven figures and are
available at http://www.developmentalcell.com/cgi/content/full/13/2/
298/DC1/.
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